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1. 

SYSTEMAND METHOD FOR CHARGINGA 
RECHARGEABLE BATTERY 

FIELD OF THE PRESENT INVENTION 

The present invention relates generally to a system and 
method of charging a rechargeable battery, and in particular to 
a system and method of charging a rechargeable battery from 
one or more of a low power Source and a high power source. 

BACKGROUND OF THE PRESENT INVENTION 

Along with increased computing power, portability has 
been an important hallmark of the electronic age. Some elec 
tronic products today are manufactured in handheld pack 
ages, where the same component in past years occupied an 
entire room. Such portability would be meaningless without 
the availability of similarly portable power supplies, so it is no 
Surprise that batteries have also undergone significant devel 
opment in storage capability, compactness, and other fea 
tures. 

Many portable electronic devices utilize rechargeable bat 
teries, such as for example sealed lead acid (SLA) batteries. 
Rechargeable batteries provide a number of advantages over 
their disposable counterparts, not the least of which signifi 
cantly increased savings to the user by not having to regularly 
replace spent batteries with expensive new batteries. More 
over, the use of rechargeable batteries also significantly 
reduces the disposal of batteries, which often times contain 
heavy elements that can he safely disposed of without signifi 
cant cost and/or environmental impact. Rechargeable batter 
ies do have some limitations; however. In particular, it is not 
uncommon for a rechargeable battery to become either over 
or undercharged during a recharging phase due to insufficient 
control of the recharging process. Over-or undercharged bat 
teries will oftentimes lose their capacity in short order, and 
thus require replacement which again introduces significant 
costs in acquiring the new battery and disposing of the old 
battery. 

Rechargeable batteries are particularly prone to over-or 
undercharging in Systems in which there is both a high, power 
and a low power charger. To date, no appropriate system or 
method of recharging a battery using high power and low 
power sources has been developed. For example, a simple 
approach currently employed is to diode “OR” the high and 
low power inputs together and regulate the temperature com 
pensated charge Voltage to the recommended float Voltage. 
This approach does not use a processor and requires long 
charge times to properly fully charge the battery pack. In the 
many circumstances, it is often the case that the input power 
Sources are not available for charging for long periods and 
therefore the battery would typically be undercharged. If the 
battery is in a cyclic discharge profile repeated undercharges 
will cause a rapid loss in battery capacity. 

Another current approach is to “OR” the high and low 
power Inputs together and use a microcontroller to control 
two different charger states. Typically either a minimum 
charge current or a timer is used to transition from one charge 
state to the next. This approach can work well given a fixed 
input power source, hut can often lead to overcharging if the 
Source can Supply more current than expected if the algorithm 
is timer based. On the other hand, it can lead to undercharging 
if the input power Source provides less current then expected 
and the algorithm requires a minimum charge current to tran 
sition to the next charger state. 

Accordingly, there is a need in the art for a system and 
method of charging a rechargeable battery using one of a high 
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2 
power or low power charger that is adapted to minimize the 
risk of under-or overcharging the battery. Such a desirable 
system and method would greatly extend battery perfor 
mance when in use and significantly extend the life of the 
rechargeable battery, thereby reducing the overall costs to the 
USC. 

SUMMARY OF THE PRESENT INVENTION 

The present invention provides a Solution to the foregoing 
problems in the system and method of charging a recharge 
able battery using one of a high power or low power charger. 
In particular, the present invention includes a system for 
charging a rechargeable battery. The system can include a 
high power charger connected to a battery and a low power 
charger connected to the battery. The system can further 
include a high power Source defining a high power input 
Voltage and a low power source defining a low power input 
Voltage. The high power source can he connected to the high 
power charger and the low power source is connected to the 
low power charger. The system can further include a proces 
Sor connected to the high power charger, the low power 
charger, the high power source and the low power source. In 
one embodiment of the system, the processor is adapted to 
control one of the high power charger or the low power 
charger to charge the battery in response to the high power 
input voltage relative to a predetermined high power Voltage 
value and the low power input voltage relative to a predeter 
mined low power Voltage value. 
The present invention further includes a method for charg 

ing a rechargeable battery. The method can include the steps 
of determining a high power input Voltage of the high power 
Source, determining a low power input Voltage of the low 
power source, causing a high power charger to charge the 
battery in response to a Sufficient high power input Voltage, 
and causing a low power charger to charge the battery in 
response to an insufficient high power input Voltage and a 
Sufficient low power input Voltage. 

In both the system and method of the present invention, the 
high power Source can include for example a vehicle power 
system, including elements such as a vehicle battery, which 
can be either a static charge battery or a more complex battery 
system that is recharged during operation of the vehicle 
through an alternator or other electrical regeneration system 
such as those found in hybrid vehicles. The low power source 
can include for example a solar power source, a motion 
induced power source or a piezoelectric power source. The 
battery can include any type of rechargeable battery. Such as 
for example a lithium ion battery or sealed lead acid (SLA) 
battery. Variations of the system and method of the present 
invention can include steps and/or means for recharging more 
than one battery using one or more pairs of high power and 
low power chargers. In other variations, a single charger can 
be used as both the low power and high power charger. 

Further aspects, details and advantages of the system and 
method of the present invention are described in detail below 
with reference to the following Figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic block diagram of a system for charg 
ing a rechargeable battery in accordance with a preferred 
embodiment of the present invention. 

FIG. 2 is a state diagram of a method for charging a 
rechargeable battery in accordance with a variation of the 
preferred embodiment of the present invention. 
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FIG. 3 is a state diagram of a method for charging a 
rechargeable battery with a high power charger in accordance 
with another variation of the preferred embodiment of the 
present invention. 

FIG. 4 is a state diagram of a method for charging a 
rechargeable battery with a low power charger in accordance 
with another variation of the preferred embodiment of the 
present invention. 

FIG. 5 is a flow chart depleting a method for estimating the 
discharge of a rechargeable battery in accordance with 
another variation of the preferred embodiment of the present 
invention. 

FIG. 6 is a flow chart depicting a method for charging a 
rechargeable battery using a low power charger in accordance 
with another variation of the preferred embodiment of the 
present invention. 

FIG. 7 is a flow chart depicting a method for charging a 
rechargeable battery using a high power charger in accor 
dance with another variation of the preferred embodiment of 
the present invention. 

FIG. 8 is a flow chart depicting a method for estimating the 
discharge of a rechargeable battery in accordance with 
another variation of the preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention includes a system and methods for 
charging a rechargeable battery. Although the present inven 
tion is described below with references to certain preferred 
embodiments and variations thereof it should be understood 
that the scope of the present invention should be determined 
with reference to the appended claims. 

The system and methods of the present invention can be 
employed in a number of operating environments, including 
in particular those having more than one power source. In one 
example environment, a low power charger and a high power 
charger are used in a complimentary fashion to power one or 
more devices. For example, many companies utilize fleet 
vehicle management systems that include a number of 
peripherals for tracking and communicating with the fleet 
vehicles. Example peripherals can include satellite modems, 
driver interface units, cellular and/or satellite communica 
tions devices, global positioning system (GPS) and/or Gali 
leo-type positioning systems, and the like. Each of these 
peripherals can receive electrical power from a rechargeable 
battery, which can be recharged by one or more power 
Sources, such as the vehicle power system, Solar power sys 
tems, motion induced power systems or piezoelectric power 
systems. The present invention is well Suited for operation in 
this example environment, although as described below, it is 
also well Suited for operation in any other environments in 
whicharechargeable battery is used for powering one or more 
peripherals. 
The invention includes a system for charging a recharge 

able battery. In the system of the preferred embodiment 
shown in FIG. 1, system 10 includes a high power charger 16 
connected to a battery 22 and a low power charger 20 con 
nected to battery 22. System 10 of the preferred embodiment 
further includes a high power Source 14 defining a high power 
input Voltage and a low power source 18 defining a low power 
input Voltage. As shown in FIG. 1, high power source 14 is 
connected to high power charger 16 and the low power Source 
is connected to low power charger 20. System 10 of the 
preferred embodiment further includes a processor 12 con 
nected to high power charger 16, low power charger 20, high 
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4 
power source 14 and low power source 18. In system 10 of the 
preferred embodiment, processor 12 is adapted to control one 
of high power charger 16 or low power charger 20, to charge 
a battery 22 in response to the high power input Voltage 
relative to a predetermined high power Voltage value and the 
low power input voltage relative to a predetermined low 
power voltage value. As described in more detail below, pro 
cessor 12 can be adapted to select high power charger 16 to 
charge battery 22 in response to the high power input Voltage 
exceeding the predetermined high power Voltage value. 

In variations of system 10 of the preferred embodiment, 
high power source 14 can include for example a vehicle 
power system, including elements such as a vehicle battery, 
which can be either a static charge battery or a more complex 
battery system that is recharged during operation of the 
vehicle through an alternator or other electrical regeneration 
system such as those found in hybrid vehicles. As such, a 
Suitable predetermined high power Voltage value is one the 
order of 9V, or approximately greater than or equal to 9.37V. 
Low power source 18 can include, for example, a Solar power 
Source, a motion induced power source or a piezoelectric 
power source. A suitable predetermined, low power Voltage 
value is on the order of 4.5-5V, or approximately greater than 
or equal to 5V. Battery 22 can include any type of recharge 
able battery, such as for example a lithium ion battery or 
sealed lead acid (SLA) battery. Other variations of system 10 
can include more than one battery 22, each having its own set 
of high and low power chargers or each being connected and 
charged by a single pair of high and low power chargers. 

In system 10 of the preferred embodiment, processor 12 
can be adapted to control high power charger 16 to charge 
battery 22 according to a predetermined high power algo 
rithm. One suitable high power algorithm is disclosed in U.S. 
Pat. No. 6,215.282, assigned to the assignee of the present 
invention and incorporated herein by reference. The prede 
termined high power algorithm can include a number of steps 
for controlling high power charger 16, for example setting 
high power charger 16 to a fast charge state and ending the fast 
charge state in response to a charger current value being less 
than a minimum current value. Additionally, the high power 
algorithm can include the steps of setting high power charger 
16 to an overcharge state in response to the charger current 
value decreasing below the minimum current value and set 
ting high power charger 16 to a float charge state in response 
to one of ending the fast charge state or the overcharge state. 
A more detailed description of the high power algorithm can 
be found below with reference to FIG. 7. 

Similarly, in system 10 of the preferred embodiment, pro 
cessor 12 can he adapted to control low power charger 20 to 
charge battery 22 according to a predetermined low power 
algorithm. The predetermined low power algorithm can 
include steps for controlling low power charger 20, for 
example setting low power charger 20 to a fast charge state 
and determining a charge rate in response to a previous charg 
ing routine. The low power algorithm can also include steps 
Such as ending the fast charge state in response to an amp 
hours-out of battery 22 being replaced by an amp-hours-in 
provided by low power charger 20. As used herein, the term 
amp-hours-out is defined as an aggregate of the amp-hours 
provided by the battery to one or more peripherals. Alterna 
tively, the amp-hours-out of the battery can further include a 
prior aggregation of the amp-hours provided by battery 22 to 
the one or more peripherals, which allows low power charger 
20 to begin its charging at an intermediate charge State of the 
battery in order to avoid under-or overcharging battery 22. A 
more detailed description of the low power algorithm can be 
found below with reference to FIG. 6. 
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In another variation of system 10 of the preferred embodi 
ment, processor 12 is further adapted to select low power 
charger 20 to charge battery 22 in response to high power 
Source 14 being disconnected from battery 22 during a charg 
ing phase. As noted above, in order to prevent inadvertent 
under- or overcharging of battery 22, processor 12 can control 
low power charger 20 to resume and/or begin charging battery 
22 from an Intermediate charge state of battery 22. 
One Suitable scenario for determining the amp-hours-out 

of battery 22 is to measure the amp-hours-out during a dis 
charge state. As used herein, the term discharge includes any 
and all instances in which battery 22 is Supplying power to the 
one or more peripherals, or instances in which the battery is 
dormant but nevertheless sleeping current through the normal 
chemical reactions of battery 22. In another variation of sys 
tem 10 of the preferred embodiment, processor 12 is further 
adapted to transition through tire discharge state in response 
to a transition between controlling high power charger 16 to 
charge the battery and controlling low power charger 20 to 
charge battery 22. In order to maintain the charging history of 
battery 22, processor 12 can be further adapted to accumulate 
the amp-hours-in to battery 22 at low power charger 20 and 
calculate an aggregate of the amp-hours-out provided by bat 
tery 22 to one or more peripherals. Moreover, processor 12 
can be adapted to determine a battery capacity in response to 
the aggregate of the amp-hours-out, whereby a fast charge 
required can be determined in response to the battery capac 
ity. 

Table 1 shown below is illustrative of some default current 
values for some suitable peripherals that can be operated in 
conjunction with system 10 of the preferred embodiment. 

TABLE 1. 

Peripheral Default 

GPS 50 mA 
micro-controller #1 50 mA 
micro-controller #2 1 mA 
Phone 20 mA 
Sensor 25 mA 

Processor 12 can also be adapted to measure and capture 
the peak minimum Voltage of battery 22 at low power charger 
20 during each wake event. Processor 12 can use the peak 
minimum Voltage value to estimate the battery capacity using 
a look-up table, such as the one shown below in Table 2. 

TABLE 2 
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amp-hours-out, processor 12 may not be able to appropriately 
determine the battery capacity. In such instances, processor 
12 can employ a look-up table that factors in the aggregate 
amp-hours-out as well as the ambient temperature of battery 
22. Processor 12 can be further adapted to ensure that the fast 
charge required value exceeds the accumulated amp-hours 
out by more than a predetermined value, such as approxi 
mately 20%. Alternatively, if battery 22 is awakening from a 
hibernation event or newly replaced, processor 12 can cause 
the fast charge value to exceed the accumulated amp-hours 
out by more than the predetermined value. When processor 12 
controls low power charger 20 to enter a fast charge State, it 
compares the accumulated amp-hours-out to the battery 
capacity (%) shown above. The fast charge required for the 
fast charge State can then be established as the greater of the 
two aforementioned values. 

System 10 of the preferred embodiment and its several 
variations can be readily adapted to perform the method of the 
present invention, which is described herein with reference to 
FIGS. 2 through 8. The method of the preferred embodiment 
includes the steps of determining a high power input Voltage 
of the high power source, determining a low power input 
Voltage of the low power Source, causing a high power 
charger to charge the battery in response to a Sufficient high 
power input Voltage, and causing a low power charger to 
charge the battery in response to an insufficient high power 
input Voltage and a sufficient low power input Voltage. As 
noted above, the high power source can include for example 
a vehicle power system, including elements such as a vehicle 
battery, which can be either a static charge battery or a more 
complex battery system that is recharged during operation of 
the vehicle through an alternator or other electrical regenera 
tion system such as those found in hybrid vehicles. As such, a 
Suitable predetermined high power Voltage value is one the 
order of 9V, or approximately greater than or equal to 9.37V. 
The low power source can include for example a Solar power 
Source, a motion induced power source or a piezoelectric 
power Source. A Suitable predetermined low power Voltage 
value is on the order of 4.5-5V, or approximately greater than 
or equal to 5V. The battery can include any type of recharge 
able battery, such as for example a lithium ion battery or 
sealed lead acid (SLA) battery. Variations of the method of the 
preferred embodiment can include steps for recharging more 
than one battery using one or more pairs of high power and 
low power chargers. 

AuX Temperature in C. 

+16 to +35 
4500 mAH 

Batt 
Wolts 

-49 to -25 
2250 mAH 

-24 to -5 
3150 mAH 

-4 to +15 
38.25 mAH 

3.550 
3.600 
3.650 
3.675 
3.700 
3.725 
3.750 
3.850 
3.9SO 
4.OOO 
4.025 
4.OSO 
4.1OO 

O% 
15% 
25% 
35% 
45% 
55% 
65% 
90% 
100% 
100% 
100% 
100% 
100% 

O% 
10% 
20% 
25% 
30% 
35% 
40% 
75% 
95% 
100% 
100% 
100% 
100% 

O% 
10% 
20% 
25% 
30% 
35% 
40% 
60% 
85% 
95% 
100% 
100% 
100% 

O% 
10% 
15% 
20% 
25% 
30% 
35% 
55% 
75% 
85% 
90% 
95% 
100% 

O% 
10% 
15% 
20% 
25% 
30% 
35% 
55% 
75% 
85% 
90% 
95% 
100% 

In cases in which battery 22 has been replaced, first 
installed, or if there is a malfunction erasing the history of the 

--36 to +55 
4500 mAH 

65 

>-56 
4500 mAH 

O% 
10% 
15% 
20% 
25% 
30% 
35% 
55% 
75% 
85% 
90% 
95% 
100% 

In one variation of the method of the preferred embodi 
ment, the method further includes the step of causing the high 
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power charger to charge the battery according to a predeter 
mined high power algorithm. The high power algorithm can 
include a number of steps, for example setting the high power 
charger to a fast charge state and ending the fast charge state 
in response to a charger current value being less than a mini- 5 
mum current value. Additionally, the high power algorithm 
can include the steps of setting the high power charger to an 
overcharge state in response to the charger current value 
exceeding the minimum current value and setting the high 
power charger to a float charge State in response to one of 10 
ending the fast charge state or the overcharge State. A more 
detailed description of the high power algorithm can be found 
below with reference to FIG. 7. 

Similarly, another variation of method of the preferred 
embodiment can include the step of causing the low power 15 
charger to charge the battery according to a low power algo 
rithm. The predetermined low power algorithm can include 
steps for controlling the low power charger, for example 
setting the low power charger to a fast charge state and deter 
mining a charge rate in response to a previous charging rou 
tine. The low power algorithm can also include steps such as 
ending the fast charge state in response to an amp-hours-out 
of the battery being replaced by an amp-hours-in provided by 
the low power charger. As used herein, the term amp-hours 
out is defined as an aggregate of the amp-hours provided by 
the battery to one or more peripherals. Alternatively, the amp 
hours-out of the battery can further include a prior aggrega 
tion of the amp-hours provided by the battery to the one or 
more peripherals, which allows the low power charger to 
begin its charging at an intermediate charge state of the bat 
tery in order to avoid under- or overcharging the battery. A 
more detailed description of the low power algorithm can be 
found below with reference to FIG. 6. 

Another variation of the method of the preferred embodi 
ment includes the step of causing the low power charger to 
charge the battery in response to the high power source being 
disconnected from the battery during a charging phase. As 
noted above, in order to prevent inadvertent under or over 
charging of the battery, the low power charger can be con 
trolled or caused to resume and/or begin charging the battery 
from an intermediate charge state of the battery. 
One Suitable scenario for determining the amp-hours-out 

of the battery is to measure the amp-hours-out daring a dis 
charge state. As used herein, the term discharge includes any 
and all instances in which the battery is Supplying power to 
the one or more peripherals, or instances in which the battery 
is dormant but nevertheless seeping current through the nor 
mal chemical reactions of the battery, in order to maintain the 
charging history of the battery, the method can include the 
steps of accumulating the amp-hours-out of the battery at the 
low power charger and calculating an aggregate of the amp 
hours-out provided by the battery to one or more peripherals. 
Moreover, the method can include the steps of determining a 
battery capacity in response to the aggregate of the amp 
hours-out, whereby a fast charge required can be determined 
in response to the battery capacity. 
As noted above in Tables 1 and 2, the steps of measuring the 

accumulated amp-hours-out of the battery and determining 
the battery capacity allow the method to properly select the 
rate of charge in the fast charge State Such that the risk of 60 
under- or overcharging the battery is Sufficiently minimized. 

The system and method of the present invention can be 
further illustrated with reference to the state diagrams of 
FIGS. 2, 3, and 4. FIG. 2 illustrates a high-level state diagram 
that can be used to control the operation of the system or 65 
performance of the methods associated therewith. Although 
described herein with reference to the method of the preferred 
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embodiment, the state diagrams of FIGS. 2, 3, and 4 are 
equally applicable to system 10 of the preferred embodiment. 

State 100 is defined as any state, which can include any 
state of power and/or charging within method oftire preferred 
embodiment and its variations. For example, in any state 100 
that battery can be fully charged, partially charged, newly 
installed, or recently awakened from a hibernation state. 
From any state 100, the method queries as to the battery 
status, which can be either no battery 102 or battery detected 
108. If there is no battery 102, then the method proceeds to 
high power source 104 and low power source 106, and checks 
the power, i.e. Voltage input, of each of the Sources in State 
110. Similarly, if a battery is detected in state 108, then the 
method proceeds to check the power/voltage Supply of the 
battery, the high power source and the low power source. 

If the low power source is available in state 114, then the 
method can use the low power charger to execute a low power 
fast charge of the battery in state 300. If the high power source 
is available, then the method can use the high power charger 
to execute a high power charge of the battery in state 200. As 
noted above, the method of the preferred embodiment 
includes the steps of causing a high power charger to charge 
the battery in response to a Sufficient high power input Volt 
age, and causing a low power charger to charge the battery in 
response to an insufficient high power Input Voltage and a 
sufficient low power input voltage. A suitable predetermined 
high power voltage value is one the order of 9V, or approxi 
mately greater than or equal to 9.37V. A suitable predeter 
mined low power voltage value is on the order of 4.5-5V, or 
approximately greater than or equal to 5V. 
Upon completion of low power fast charge state 300 or 

high power fast charge state 200, the method can transition 
through discharge state 118 to determine the required over 
charge time and then transition to Over Charge state (212 or 
308). As noted above, the term discharge is defined broadly to 
include any and all instances, in which the battery is Supply 
ing power to the one or more peripherals, or instances in 
which the battery is dormant but nevertheless sleeping current 
through the normal chemical reactions of the battery. If no 
high, or low power source is available in state 116, then the 
method proceeds to state 118, in which the battery is dis 
charged unless and until one of the low or high power source 
is available to recharge the battery. 

FIG. 3 is a state diagram illustrating a methodology of the 
high power fast charge state 206 in accordance with another 
variation of the method of the preferred embodiment. As 
noted above, high power fast charge state 200 can be per 
formed according to a high power algorithm, in which the 
high power fast charge is ended in response to a charger 
current value being less than a minimum current value. The 
high power algorithm can also include the steps of setting the 
high power charger to an overcharge state in response to the 
fast charge state being completed. This occurs when the 
charger current decreases below the minimum current value. 
The high power charger transitions to a float charge State in 
response to one of ending the overcharge state or if a maxi 
mum fast charge time is exceeded. 
As shown in FIG. 3, if predetermined parameters are 

exceeded in state 202, then this variation of the method can 
proceed to high power float charge state 204. If the high power 
fast charge is otherwise completed in state 210, then the 
method can proceed to high power overcharge State 212. 
Upon completion of the high power overcharge in state 214. 
the method can proceed to high power float charge state 204. 
In the event that the high power source is unavailable, as in 
states 206 and 216, then the method can proceed to a dis 
charge state 208 and/or attempt to enable the low power 
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charger in state 218. As an example, the high power Source 
can become unavailable if the high power input Voltage is 
insufficient, i.e., below a predetermined threshold, in which 
case the battery will be used to power the one or more periph 
erals in discharge state 208. Alternatively, if the high power 
source is unavailable but the low power source has a sufficient 
low power input Voltage, then this example method can 
enable the low power charger to charge the battery. 

FIG. 4 is a state diagram illustrating an example method of 
utilizing the low power charger to charge the battery. The low 
power fast charge is entered in state 300, and is completed in 
state 306. The low power fast charge process includes setting 
the low power charger to a fast charge state and determining 
a charge rate in response to a previous charging routine. The 
low power fast charge is complete in state 306 in response to 
an amp-hours-out of the battery being replaced by an amp 
hours-in provided by the low power charger. Upon comple 
tion of the low power last charge, the example method pro 
ceeds to a low power overcharge state 308, which is 
completed in state 310, wherein the method can proceed to 
the low power float charge in state 314. 

If the low power source is unavailable in state 312, then 
both of the low power overcharge state 308 and the low power 
float charge state 314 are ended and the method proceeds to 
determine if the high power Source can be used for recharging 
the battery in state 316. If the high power source is unavailable 
and if the low power source is unavailable, then the battery 
will be discharged in state 304. The discharge state 304 can 
include using the battery to power one or more peripherals. As 
noted above, when the battery is in a discharge state 304, 
variations of the system and method of the preferred embodi 
ment will cause the low power charger to accumulate the 
amp-hours-out of the battery in order to maintain a charge 
history of the battery and to more accurately determine a 
battery capacity as set forth in Tables 1 and 2. 

FIG. 5 is a flow chart illustrating an example method for 
determining the fast charge required for the battery after the 
battery has been placed into a discharge state 304. In step S 
400, the low power charger accumulates the amp-hours-in to 
the battery. In step S 402, the method recites calculating the 
peripheral amp-hours-out, Some example values for which 
are shown above in Table 1. In step S 404, the method recites 
calculating the aggregate peripheral amp-hours-out, which is 
the sum of the amp-hours consumed by each peripheral that is 
powered by the battery during the discharge state. In step S 
406, the processor determines the peak minimum Voltage of 
the battery, which in combination with other factors can be 
used to estimate the auxiliary battery capacity in step S 408. 
As noted above, the look-up table shown in Table 2 can be 
utilized by a processor performing this example method in 
order to estimate the auxiliary battery capacity. In response to 
the estimate of the auxiliary battery capacity, the method 
recites determining the fast charge required in step S 410. 
The fast charge required is used according to the system 

and method of the present invention as a portion of the charg 
ing history of the battery. In variations of the preferred 
embodiments, the fast charge required is used to ensure that 
either the low power or high power charger does not inadvert 
ently under- or overcharge the battery by prematurely termi 
nating or extending the fast charge state of either charger. 
An example method of charging the battery using the low 

power charger is shown in the flow chart of FIG. 6. In step S 
600, the example method recites querying the low power 
Voltage Supply. As previously noted, a suitable low power 
voltage value is on the order of 4.5-5V, or approximately 
greater than or equal to 5V. In decision block S 602, if the 
Voltage Supply is insufficient then the example method pro 
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10 
ceeds to a discharge step in step S 604. If the Voltage Supply 
is sufficient, then the example method proceeds to set the low 
power charger to a fast charge state in step S 606. In step S 
608, the fast charge is initialized, causing the low power 
charger to begin charging the battery. 

In step S 610, the example method recites determining a 
charge rate in response to the last/previous charge. As noted 
above with respect to FIG. 5, the fast charge required is 
calculated as a function of the battery capacity, which in turn 
is calculated as a function of the aggregate amp-hours-out to 
the one or more peripherals and the peak minimum Voltage of 
the battery, determined as set forth above. The charge rate 
determines how much charge the low power charger will 
provide to the battery, and it can be a steady state or variable 
charge rate, depending on the particular application. 

In decision block S 612, the example method queries as to 
whether the fast charge is complete. If the fast charge is 
complete, then the example method proceeds to decision 
block S 620, in which it queries whether an overcharge state 
is required. If the overcharge is not required, then the example 
method of FIG. 6 terminates. If the overcharge is required, 
men the low power charger is set to an overcharge Voltage in 
step S 622. In decision block S 624, the example method 
queries whether the amp-hours-out of the battery have been 
replaced by the overcharge state set at the overcharge Voltage. 
If the amp-hours-out have been replaced, then the overcharge 
is stopped in step S 626 and the example method is termi 
nated. If the amp-hours-out have not been replaced by the 
overcharge state, then the example method proceeds hack to 
step S 622, in which the overcharge Voltage is continued in 
order to provide the current necessary to replace the amp 
hours-out of the battery. 

If, in decision block S612, the example method determines 
that the fast charge is not complete, then m step S 614 the 
example method adjusts the amp-hours-in to the battery. In 
adjusting the amp-hours-in, the example method can consider 
for example the current being supplied by the low power 
Source as it compares to the amp-hours being consumed by 
the one or more peripherals. If the current from the low power 
Source is greater than the amp-hours-out, then the battery 
should he accumulating charge. If the current from the low 
power source is less man the amp-hours-out, then the battery 
will not he accumulating charge and the example method will 
adjust the amp-hours-in in order to exceed those consumed by 
the one or more peripherals. 

In decision block S 616, the example method queries 
whether the amp-hours-out have been replaced by the amp 
hours-in set in step S 614. If the decision is affirmative, then 
the method proceeds to step S 618 in which the fast charge is 
ended. Following the step of ending the fast charge, the 
example method can proceed into either an overcharge state 
through step S 620 or the example method can terminate. If 
the decision at step S 616 is negative, then the example 
method returns to step S 614, in which the amp-hours-in 
continue to accumulate until the amp-hours-out have been 
replaced. 
An example method of charging the battery using the high 

power charger is shown in the flow chart of FIG. 7. In step S 
700, the example method recites querying the high power 
Voltage Supply. As previously noted, a suitable high power 
Voltage value is one the order of 9V, or approximately greater 
than or equal to 9.37V. In decision block S 702, if the voltage 
Supply is insufficient then the example method proceeds to a 
discharge step in step S 704. If the voltage supply is sufficient, 
then the example method proceeds to set the high power 
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charger to a fast charge state in step S 706. In step S 708, the 
fast charge is initialized, causing the high power charger to 
begin charging the battery. 

In decision block S 710, the example method queries 
whether the fast charge state is complete. If the fast charge is 
complete, then the example method proceeds to step S 726 in 
which an overcharge state is entered by setting an overcharge 
Voltage to Supply the battery with an appropriate current. In 
step S 728, the example method recites calculating a time 
remaining, for the overcharge state, and in step S 730 the 
overcharge is continued until the overcharge time remaining 
is Zero. Once the overcharge is complete, the example method 
sets the high power charger to a float charge state in step S 
T22. 

If, in decision block S 710, the example method determines 
that the fast charge is not complete, then the example method 
proceeds to step S 712 in which the charge current is mea 
Sured. If the charge current is less than a minimum current 
value, then the fast charge is complete and the example 
method proceeds to step S 716, discussed below. If the charge 
current is greater than the minimum current value, then the 
fast charge is not complete, then the example method pro 
ceeds to step S 724. In step S 724, the example method 
determines a set of temperature factors for determining the 
overchargetime remaining in step S728. The overchargetime 
is calculated as the product of the time spent in the fast charge 
state and a temperature factor. For example, if the temperature 
is greater than -10 degrees Celsius, then the temperature 
factor can be 0.5, which sets die overcharge time remaining 
half of the value of the time already spent in the fast charge 
state. If the temperature is not greater than -10 degrees Cel 
sius, then the temperature factor can be 0.7, thus effectively 
increasing the overcharge time by approximately forty per 
cent due to the relatively low temperature. In any event, the 
example method can employ additional means or steps for 
ensuring that the overcharge time does not exceed two hours. 
Once the overcharge state is begun in step S 726, then the 
timer that is adapted to time the prior fast charge state is reset. 

Returning to decision block S 714, if the charge current is 
not less than the minimum, current value, then the example 
method proceeds to step S 716, in which the fast charge time 
is saved as T1. As noted above, the fast charge time can be 
used in the example method for determining the remaining 
overcharge time in step S 728. In decision step S 718, the 
example method queries whether the fast charge time T1 
exceeds a predetermined time that sets an upper bound on the 
time that the high power charger should be in the fast charge 
state. For instance, the predetermined time can be set to a 
value of five hours, in which case if the fast charge time T1 is 
greater than five hours, then the example method proceeds to 
set the high power charger to a float charge State in step S722. 
If the fast charge time T1 is not greater than five hours, but the 
fast charge is nonetheless complete, then the example method 
terminates in step S 720. 

Both the high power and low power charging methods 
exemplified above can be terminated by entering a power 
down routine which occurs when there is insufficient input 
power to either the low power or high power charger. An 
example of the power down routine is shown in the flowchart 
of FIG.8. The power down routine functions to compile the 
charging history of the battery and to determine new rates for 
the next charging routine, which can be either a new high 
power or low power routine. Beginning in step S 800, the 
example method of FIG. 8 proceeds to step S 802, in which 
the battery capacity CHARGE OUT is calculated. In one 
variation of the example method, the battery capacity can be 
calculated as a function of the minimum battery voltage and a 
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12 
temperature factor, the latter of which can he saved. As dif 
ferent types of batteries can have different charge ratings 
depending on the temperature, the battery capacity of any 
particular battery can then be calculated using a look-up table 
that factors in the charge percentage remaining in the battery 
and a temperature factor for that type of battery. The battery 
capacity is generally related to the previous charge output of 
the battery, i.e. the charge out is equal to the rated capacity of 
the battery less the battery capacity (determined in part 
through the temperature rating discussed above). 

In step S 804 of the example method, the aggregate amp 
hours-out of the battery is calculated for the one or more 
peripherals. The aggregate amp-hours-out can also be accu 
mulated for more than one time period in which the battery is 
in a discharge state, in which case the aggregate amp-hours 
out can be calculated as the Sum of a previous/lastamp-hours 
out and the new-amp-hours out measured while in the low 
power charger state or the discharge State. The example 
method then proceeds to step S 806, in which the amp-hours 
out is set to the larger of the CHARGE OUT or current 
amp-hour-out variables. 

In step S 810, the example method calculates a new over 
charge rate as a function of the newest measurement for the 
amp-hours-out and an overcharge factor. In one variation of 
the example embodiment, the overcharge rate is set equal to 
the product of the overcharge factor and an amp-hours rating 
for the battery. For example, if the amp hours are set to a value 
of 4.5 Ah and the overcharge factor is set to 0.1, then the 
overcharge rate will be 0.45, which is the factor by which the 
system and methods of the present invention determine the 
overcharge rate relative to the fast charge rate. In step S 812, 
the charge variables are reset to a predetermined value, such 
as Zero. Some example charge variables include a fast charge 
amp-hours-in, an overcharge amp-hours-in, a charge-out for 
the battery and a battery capacity. By resetting the appropriate 
charge variables, the example method insures that when the 
next-charging process begins, the best available charging 
parameters will be used in order to avoid accidental under- or 
overcharging of the batten. 
The present invention as described herein can be embodied 

in a number of ways and utilized in a number of environ 
ments. Those of skill in the art would understand that infor 
mation and signals may he represented using any of a variety 
of different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or any combination thereof. 

Those of skill would further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection with the embodiments dis 
closed herein may be implemented as electronic hardware, 
computer Software in a computer-readable medium, or com 
binations of both. To clearly illustrate this interchangeability 
of hardware and software, various illustrative components, 
blocks, modules, circuits, and steps have been described 
above generally in terms of their functionality. Whether such 
functionality is implemented as hardware or Software 
depends upon the particular application and design con 
straints imposed on the overall system. Skilled artisans may 
implement the described functionality in varying ways for 
each particular application, but such implementation deci 
sions should not be interpreted as causing a departure from 
the scope of the present invention. 
The various illustrative logical blocks, modules, and cir 

cuits described in connection with the embodiments dis 
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closed herein may be implemented or performed with a gen 
eral purpose processor, a Digital Signal Processor (DSP), an 
Application Specific Integrated Circuit (ASIC), a Field Pro 
grammable Gate Array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any conventional processor, controller, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other Such configuration. 
The steps of a method or algorithm described in connection 

with the embodiments disclosed herein may be embodied 
directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A Software module 
may reside in Random Access Memory (RAM), flash 
memory, Read Only Memory (ROM), Electrically Program 
mable ROM (EPROM), Electrically Erasable Programmable 
ROM (EEPROM), registers, hard disk, a removable disk, a 
CD-ROM, or any other form of storage medium known in the 
art. An exemplary storage medium is coupled to the processor 
Such the processor can read information from, and write 
information to, the storage medium. In the alternative, the 
storage medium may be integral to the processor. The proces 
sor and the storage medium may reside in an ASIC. The ASIC 
may reside in a user terminal, which can include for example 
a vehicular charging system of the type described above. In 
the alternative, the processor and the storage medium may 
reside as discrete components in a user terminal. 
The previous description of the preferred and example 

embodiments is provided to enable any person skilled in the 
art to make or use the present invention. Various modifica 
tions to these embodiments will be readily apparent to those 
skilled in the art, and the generic principles defined herein 
may be applied to other embodiments without departing from 
the spirit or scope of the invention. Thus, the present invention 
is not intended to be limited to the embodiments shown herein 
hut is to be accorded the widest scope consistent with the 
principles and novel features disclosed herein. 

We claim: 
1. A method for charging a rechargeable battery through 

one of a high power source or a low power source, the method 
comprising: 

causing a high power charger to charge the battery in 
response to a corresponding high power input Voltage 
from the high power Source comprising a sufficient high 
power input Voltage; 

causing a low power charger to charge the battery in 
response to an insufficient high power input voltage and 
a corresponding low power input Voltage from the low 
power Source comprising a Sufficient low power input 
Voltage; 

accumulating the amp-hours-out of the battery for more 
than one time period in which the battery is in a dis 
charge state, including a previous amp-hours-out corre 
sponding to a first time period and a new amp-hours-out 
corresponding to a second time period: 

calculating the aggregate of the amp-hours-out of the bat 
tery as a Sum of the previous amp-hours-out and the new 
amp-hours-out; 

determining a battery capacity based on the aggregate of an 
amp-hours-out from the battery; 
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14 
determining a fast charge required based on the battery 

capacity, wherein the fast charge is at a higher Voltage 
relative to a normal charge; and 

wherein causing the low power charger to charge the bat 
tery further comprises setting the low power charger to a 
fast charge State to provide the fast charge required. 

2. The method of claim 1, further comprising causing the 
low power charger to charge the battery in response to the 
high power Source being disconnected from the battery dur 
inga charging phase. Such that the low power charger resumes 
charging the battery from an intermediate charge State of the 
battery. 

3. The method of claim 1, wherein causing the high power 
charger to charge the battery further comprises causing the 
high power charger to charge the battery according to a high 
power algorithm. 

4. The method of claim 3, wherein the high power algo 
rithm comprises: 

setting the high power charger to a high power fast charge 
State; 

ending the high power fast charge State in response to a 
charger current value being less than a minimum current 
value; 

setting the high power charger to an overcharge State in 
response to the charger current value decreasing below 
the minimum current value; and 

setting the high power charger to a float charge state in 
response to ending the overcharge state or exceeding a 
maximum time allowed for the high power fast charge 
State. 

5. The method of claim 1, wherein causing the low power 
charger to charge the battery further comprises causing the 
low power charger to charge the battery according to a low 
power algorithm. 

6. The method of claim 5, wherein the low power algorithm 
comprises: 

determining a charge rate of the fast charge required in 
response to a previous charging routine; and 

ending the fast charge State in response to the aggregate of 
the amp-hours-out of the battery being replaced by an 
amp-hours-in provided by the low power charger. 

7. The method of claim 6, wherein the aggregate of the 
amp-hours-out of the battery comprises an aggregate of amp 
hours provided by the battery to one or more peripherals. 

8. The method of claim 7, wherein the aggregate of the 
amp-hours-out of the battery further comprises a prior aggre 
gation of amp-hours provided by the battery to the one or 
more peripherals. 

9. The method of claim 1, further comprising: 
discharging the battery in response to a transition between 

causing the high power charger to charge the battery and 
causing the low power charger to charge the battery. 

10. The method of claim 1, further comprising: 
measuring a peak minimum Voltage of the battery; and 
wherein determining the battery capacity is further based 

on the peak minimum Voltage of the battery. 
11. The method of claim 1, whereindetermining the battery 

capacity is further based on a temperature of the battery. 
12. The method of claim 1, further comprising: 
terminating charging of the battery by the high power 

charger or the low power charger, 
compiling a charging history of the battery in response to 

terminating the charging of the battery; and 
determining a new charging rate for a next charging of the 

battery based on the charging history. 
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13. The method of claim 12, further comprising: 
calculating a charge out value as a function of a minimum 

battery voltage and a temperature of the battery; 
wherein compiling the charging history of the battery fur 

ther comprises determining a calculated aggregate of the 
amp-hours-out of the battery; and 

resetting a value of the aggregate of the amp-hours-out of 
the battery to the charge out value if the charge out value 
is larger than the calculated aggregate of the amp-hours 
out of the battery. 

14. A system for charging a battery, comprising: 
a high power charger connected to a high power source 

defining a high power input Voltage for charging a bat 
tery; 

a low power charger connected to a low power source 
defining a low power input Voltage for charging the 
battery; and 

a processor connected to the high power charger and the 
low power charger, the processor adapted to accumulate 
the amp-hours-out of the battery for more than one time 
period in which the battery is in a discharge state, includ 
ing a previous amp-hours-out corresponding to a first 
time period and a new amp-hours-out corresponding to a 
second time period, calculate the aggregate of the amp 
hours-out of the battery as a sum of the previous amp 
hours-out and the new amp-hours-out, control the high 
power charger to charge the battery in response to the 
high power input voltage comprising a sufficient high 
power input Voltage, wherein the processor is adapted to 
control the low power charger to charge the battery in 
response to the high power input voltage comprising an 
insufficient high power input voltage and the low power 
input Voltage comprising a sufficient low power input 
Voltage; 

wherein the processor is further adapted to determine a 
battery capacity based on the aggregate of an amp 
hours-out from the battery, and to determine a fast 
charge required based on the battery capacity, wherein 
the fast charge is at a higher Voltage relative to a normal 
charge; and 

wherein the processor is further adapted to set the low 
power charger to a fast charge state to provide the fast 
charge required when selecting the low power charger to 
charge the battery. 

15. The system of claim 14, wherein the processor is fur 
ther adapted to control the low power charger to charge the 
battery in response to the high power source being discon 
nected from the battery during a charging phase, such that the 
low power charger resumes charging the battery from an 
intermediate charge state of the battery. 

16. The system of claim 14, wherein the processor is fur 
ther adapted to control the high power charger to charge the 
battery according to a high power algorithm. 

17. The system of claim 16, wherein the high power algo 
rithm includes: 

setting the high power charger to a high power fast charge 
State; 

ending the high power fast charge State in response to a 
charger current value being less than a minimum current 
value; 

setting the high power charger to an overcharge state in 
response to the charger current value decreasing below 
the minimum current value; and 

setting the high power charger to a float charge state in 
response to one of ending the high power fast charge 
state or the overcharge State. 
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18. The system of claim 14, wherein the processor is fur 

ther adapted to control the low power charger to charge the 
battery according to a low power algorithm. 

19. The system of claim 18, wherein the low power algo 
rithm includes: 

determining a charge rate of the fast charge required in 
response to a previous charging routine; and 

ending the fast charge State in response to the aggregate of 
the amp-hours-out of the battery being replaced by an 
amp-hours-in provided by the low power charger. 

20. The system of claim 19, wherein the aggregate of the 
amp-hours-out of the battery comprises an aggregate of amp 
hours provided by the battery to one or more peripherals. 

21. The system of claim 20, wherein the aggregate of the 
amp-hours-out of the battery further comprises a prior aggre 
gation of amp-hours provided by the battery to the one or 
more peripherals. 

22. The system of claim 14, wherein the processor is fur 
ther adapted to transition through a discharge State in 
response to a transition between controlling the high power 
charger to charge the battery and controlling the low power 
charger to charge the battery. 

23. A computer program product, comprising: 
a non-transitory computer-readable medium comprising: 

code for causing a processor to control a high power 
charger to charge a battery in response to a corre 
sponding high power input Voltage comprising a Suf 
ficient high power input Voltage; 

code for causing the processor to control a low power 
charger to charge the battery in response to the high 
power input voltage comprising an insufficient high 
power input voltage and a corresponding low power 
input Voltage comprising a sufficient low power input 
Voltage; 

code for causing the processor to accumulate the amp 
hours-out of the battery for more than one time period 
in which the battery is in a discharge state, including 
a previous amp-hours-out corresponding to a first 
time period and a new amp-hours-out corresponding 
to a second time period; 

code for causing the processor to calculate the aggregate 
of the amp-hours-out of the battery as a sum of the 
previous amp-hours-out and the new amp-hours-out; 

code for causing the processor to determine a battery 
capacity based on an aggregate of the amp-hours-out 
from the battery; 

code for causing the processor to determine a fast charge 
required based on the battery capacity, wherein the 
fast charge is at a higher Voltage relative to a normal 
charge; and 

code for causing the processor to set the low power 
charger to a fast charge state to provide the fast charge 
required when selecting the low power charger to 
charge the battery. 

24. The product of claim 23, wherein the non-transitory 
computer-readable medium further comprises code for caus 
ing the processor to control the low power charger to charge 
the battery in response to the high power Source being dis 
connected from the battery during a charging phase, Such that 
the low power charger resumes charging the battery from an 
intermediate charge state of the battery. 

25. The product of claim 23, wherein the non-transitory 
computer-readable medium further comprises code for caus 
ing the processor to control the high power charger to charge 
the battery according to a high power algorithm. 

26. The product of claim 25, wherein the high power algo 
rithm includes: 



US 8,405,361 B2 
17 

setting the high power charger to a high power fast charge 
State; 

ending the high power fast charge State in response to a 
charger current value being less than a minimum current 
value; 

setting the high power charger to an overcharge state in 
response to the charger current value decreasing below 
the minimum current value; and 

setting the high power charger to a float charge state in 
response to one of ending the high power fast charge 
state or the overcharge State. 

27. The product of claim 23, wherein the non-transitory 
computer-readable medium further comprises code for caus 
ing the processor to control the low power charger to charge 
the battery according to a low power algorithm. 

28. The product of claim 27, wherein the low power algo 
rithm includes: 

determining a charge rate of the fast charge required in 
response to a previous charging routine; and 

ending the fast charge State in response to the aggregate of 
the amp-hours-out of the battery being replaced by an 
amp-hours-in provided by the low power charger. 

29. The product of claim 28, wherein the aggregate of the 
amp-hours-out of the battery comprises an aggregate of amp 
hours provided by the battery to one or more peripherals. 

30. The product of claim 29, wherein the aggregate of the 
amp-hours-out of the battery further comprises a prior aggre 
gation of amp-hours provided by the battery to the one or 
more peripherals. 

31. The product of claim 29, wherein the non-transitory 
computer-readable medium further comprises code for caus 
ing the processor to discharge the battery in response to a 
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transition between controlling the high power charger to 
charge the battery and controlling the low power charger to 
charge the battery. 

32. An apparatus for charging a rechargeable battery 
through one of a high power source or a low power source, 
comprising: 
means for causing a high power charger to charge the 

battery in response to a sufficient high power input Volt 
age from the high power source: 

means for causing a low power charger to charge the bat 
tery in response to an insufficient high power input Volt 
age from the high power Source and a sufficient low 
power input Voltage from the low power source: 

means for accumulating the amp-hours-out of the battery 
for more than one time period in which the battery is in 
a discharge state, including a previous amp-hours-out 
corresponding to a first time period and a new amp 
hours-out corresponding to a second time period; 

means for calculating the aggregate of the amp-hours-out 
of the battery as a sum of the previous amp-hours-out 
and the new amp-hours-out; 

means for determining a battery capacity based on an 
aggregate of an amp-hours-out from the battery; 

means for determining a fast charge required based on the 
battery capacity, wherein the fast charge is at a higher 
Voltage relative to a normal charge; and 

wherein the means for causing the low power charger to 
charge the battery further comprises means for setting 
the low power charger to a fast charge state to provide the 
fast charge required. 
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